INTRODUCTION


The Brazilian buffalo herds in the northern region and in the state of Para, from 1970 to 2006, experienced increases, respectively, 87.7%, 89.3% and 84.2%. In 2008, the northern region of Brazil contained 62.8% of the national buffalo herd (IBGE, 2010) . The various agrosilvopastoral systems, among which silvopastoral stands out, could be used to raise buffalo in previously altered areas, in addition to adding value to the land through the forestry component, enabling the improved cycling of nutrients, increasing the comfort level of the herd and maximizing the sustainable use of the land (Lourenço Júnior and Garcia, 2006) . Some research indicates that an increase in concentrated fodder in the diet improves yield (Silva et al., 2006) , finishing (Costa et al., 2009) , shaping (Vaz et al., 2005) , physical composition (Gesualdi Jr. et al., 2000) and the yield of commercial cuts from the carcass (Ribeiro et al., Arq. Bras. Med. Vet. Zootec., v.64, n.4, p.1045-1052, 2012 2001). The food supplementation with byproducts from the agro-industry provides an inexpensive alternative to fulfill the nutritional demands of buffalo during the production of meat.
Among the factors that influence the choice of a byproduct for ruminant feed are the amount available, the proximity to the source and place of consumption, the nutritional characteristics, the cost of transport, conditioning and storage requirements.
However, researches on characteristics of carcasses and on meat of buffalo cattle that were raised under different management conditions and feeding systems are missing or contradictory (Jorge et al., 2008) . Therefore, given the increasing importance of buffalo farming in the local scene, this study aimed to evaluate the influence of the diet on the quality of the carcasse of crossbred Murrah and Mediterranean buffaloes, fed traditional (corn/soybean) or waste agro-industry residues (palm oil and coconut cakes).
MATERIAL AND METHODS
The experiment was conducted in the Silvopastoral System (SPS) of the Animal Research Unit "Senador Álvaro Adolpho". The research unit is located in the Embrapa Eastern Amazon, Belém, PA (1º28' S and 48º27' W).
The Silvopastoral System consists of an area of 5.4ha, divided into five paddocks. There is a central installation, composed of a covered arena, a drinking trough and a feeder for mineral supplementation (Castro, 2005) . The area is enclosed by perimeter fences and electric barriers, with two straight wire cables. African mahogany (Khaya ivorensis) and indian neem (Azadirachta indica) were planted in 2002, on a 4m grid. The trees shade about 20% of the area. The system has mombaça grass (Panicum maximum cv mombaça), managed through intensive rotation, in a 30-day cycle, with six days of occupation and 24-days of rest, and initial and final occupation rates of 3.0AU and 4.5AU, respectively. Pastures are plowed, followed by clod breaking and level harrowing. The land is then fertilized with 100 kg of P 2 O 5. ha -1 in the form of natural reactive phosphate (Oliveira et al., 2010) .
The experiment was conducted between April and December. A herd of 15 male buffalo, Murrah and Mediterranean crossbred, were fed once a day, in an amount of 1% of their body weight. The three types of feed were prepared from agro-industrial by-products (Table 1) , and the compositions of the feed are shown in Table 2 . Each treatment consisted of five animals that were fed every morning in individual stalls to control consumption by weighing the food offered and leftovers. The animals were fed every morning in individual bays in order to control consumption. (Brasil, 1997) . Afterwards, the carcasses were cooled for 24h at a temperature of 2-4 ºC.
Measurements of carcass length (CC), arm length and leg length, were taken with a tape measure after the carcass was cooled. Carcass length was measured on the ventral surface, from the pubic bone to the anterior rim of the first rib.
The left half carcass was divided into forequarter and hindquarter, beyond the spare ribs, which includes the abdominal muscles, from the sixth rib. After separation, the quarters were weighted to calculate the percentage over the cold halfcarcass.
A cut was made in the right half of the carcass between the 12 th and the 13 th ribs in order to expose the Longissimus dorsi muscle and measure the eye loin area (AOL). To measure the AOL, an outline was drawn on vegetal paper. The thickness of the fat covering the AOL was measured (EGC) with a stainless steel caliper. Marbling was evaluated on an 18-point scale, using the categories of light, small, average, moderate and abundant (Müller, 1987) . From the data obtained above, carcass composition variables were estimated, including bone, muscle and fat percentages (Felício, 1997) .
The pH values and temperatures of the carcasses were determined using a portable penetration potentiometer, HANNA brand, model H99163. The readings were taken at a depth of 5 cm in the Longissimus dorsi muscle, between the 10 th and 11 th ribs. Two pH readings were taken postslaughter, one at 45 minutes (initial pH) and one at 24 hours (final pH).
To evaluate shear force, six cylinders of 1.27 cm per steak were cut using a puncher in a texture analyzer (Brookfield QTS 25 brand) with a Warner-Bratzler blade, 48h after slaughter (Wheeler et al., 1995) . The equipment was calibrated with a 5kg weight, with a blade speed of 200 mm/minute, set at 25.0 mm from the platform. The sheer force of each steak, expressed in kgf, was established by the average cut force of the six cylinders.
The color characteristic was established objectively by measurements of L* (luminosity), a* (red/green intensity) and b* (yellow/blue intensity) using a CIELAB System with D65 illuminant. The equipment was set to an 8º angle of vision and an observer pattern of 10º. Measurements were taken 48 hours after slaughter using a portable Minolta CR 400 spectrophotometer, equipped with an accessory to protect against humidity. The measurements were conducted 30 minutes after the opening of the packages and the exposure of the cuts to air under refrigeration. The data shown are the average of six readings, obtained in different but standardized positions of the same muscle.
The experimental procedure was completely randomized, with each animal representing one experimental unit. The normality of the data distribution was tested; since all the variables followed the normality premise, there was no need to transform the data. For analysis of the effect of supplement type (corn, coconut or palm oil), the data were submitted to analysis of variance and t-test using a SAS -statistical package. Significance was set at 5%.
RESULTS AND DISCUSSION
During the supplementation stage, the average weight gain of the animals was 1.0kg/day (±0.3), with no statistical difference among treatments. The quantitative characteristics of the animal carcasses are shown in Table 3 according to the type of supplementation. We observed that the diets had little influence on the quantitative variables. These results may be due to the similar slaughter weights of the animals, because quantitative variables are highly correlated with carcass weight (Euclides Filho et al., 1997 Means followed by different letters in the same row, differ significantly among themselves (P<0.05).
No significant differences were found in carcass yield for the different dietary supplements. The similar slaughter weights and the identical procedures used in the pre-slaughter of experimental animals in the three types of treatment should be noted.
According to Restle et al. (2000) , carcass yield is influenced by the number of hours of fasting the animals are submitted to, the type of diet and genetic factors, among other variables. Missio et al. (2010) did not observe an influence of forage levels on the weight or the yield of hot and cold carcasses (P>0.05), whereas Restle et al. (2001) observed that, when the forage shows a high crossover rate, there is no difference in this variable among animals fed different levels of concentrated fodder.
The carcass yield values reported here were higher than those reported by Felício (1997) in the Jafarabadi breed of buffalo (r = 48.7%), slaughtered at 24 months with 400 kg; by Jorge et al. (2005) at 49.4% in buffalo slaughtered at different stages of maturity; or by Oliveira et al. (1991) at 49.3% in confined buffalo. Research conducted by Franzolin and Silva (2001) found an average yield between 49.7% and 50.8%. Compared to the data in the literature, the carcass yields reported in this study are good.
The absolute values of forequarter, hindquarter and ribcage cuts were not influenced (P>0.05) by the levels of forage in the diet. Franzolin and Silva (2001) , who evaluated the effects of different levels of energy intake on the carcass characteristics of Mediterranean animals, reported average front quarter yields of 38.4% and strip-bone yields of 14.1%. These authors concluded that buffalo have high potential for carcass production with good commercial cut yields when they are kept in confinement. However, Jorge et al. (2005) evaluated crossbred Mediterranean buffalo at different stages of maturity and reported averages for the special hindquarter between 44.97 and 47.67%, less than those reported in the present research. Vaz et al. (2003) did not find any significant differences in the forequarter, strip-bone and special hindquarter yields in confined Mediterranean buffalo fed forage based on sugar cane or corn silage.
The highest fat percentage was found in the carcass of animals supplemented with palm oil (P<0.05). This result may be due to the composition of this agro-industrial by-product (Table 2 ). This product is rich in neutral detergent fiber, a precursor to the formation of triglycerides during ruminant fermentation, which is associated with a lowered meat percentage (P<0.05). The level of concentrated fodder in the diet did not influence (P>0.05) the physical composition of the carcass or the relationship between the tissues. This result may be attributed to the similar degree of development of the animals, because they were of similar average weights at the time of slaughter (Missio et al., 2010) .
The deposition of animal fat is strongly correlated with slaughter weight (Restle et al., 1997) , genetic background (Restle et al., 2000) , age of the animal or energy density of the diet (Restle et al., 2001) . Campo et al. (2008) observed that the fat proportion varied with the increase in average daily weight gain, due to the different energy densities of the diets. Gigli et al. (1994) evaluated buffalo fed diets of different caloric levels and concluded that the feed with the highest caloric value increased the total carcass fat, as well as inter-muscular and subcutaneous fat. Table 4 shows the averages, standard deviations and coefficients of variance for the qualitative characteristics of the carcasses and meat from the experimental animals according to dietary supplementation. We observed a greater fat thickness and body fat percentages and a smaller percentage of available meat in the palm oil supplemented animals (P<0.05). These data indicate that an excess of subcutaneous and intermuscular fat deposition occurred because no significant differences were found in marbling in the Longissimus dorsi muscle, a process that is influenced by the high values of fiber and ether extract in the palm oil supplement (Table 2) . The thickness of the fat covering in animal carcasses in the corn and coconut treatments is close to 3 mm, which is the lowest thickness that prevents meat from becoming dark upon exposure to cold temperatures. The animals supplemented with palm oil showed a thicker covering of fat, significantly different (P<0.05) from the other treatments.
The animals from the palm oil treatment group showed a high degree of marbling (9.3 points), significantly different from the other treatments (P<0.05). This result was surprising because buffalo meat is usually poorly marbled, with values between 3 and 4 points (Oliveira, 2005) . No significant differences were observed in the values of shear force among the treatments (P>0.05), which were lower than 5.0 kgf. Felício (1997) suggested that this is the maximum limit defining a soft meat. The lowest average (FC=3.34kgf) was found in the palm oil treatment group. This result may be due to the higher fat percentages in the carcass, the greater fat thickness and the greater degree of marbling in the animals on palm oil supplementation. Restle et al. (2000) , when comparing animals slaughtered at 24 or 14 months of age, we observed that a 30% improvement in meat softness was correlated with a higher degree of marbling (r=0.28) and a higher percentage (r=0.27) and total amount (r=0.31) of fat. Meat softness is the factor that varies the most and is one of the attributes that is most desired by the consumer. Meat softness is determined by the subjective evaluation of texture through a sensory panel, or objectively in a texture-meter, which measures the shear force of superficial muscle fibers of meat. According to the objective color results, the Longissimus dorsi muscle is an intense red color. There were no significant differences among the treatments, perhaps due to the high pH of the meat. However, a linear increase in luminosity (L* value) was observed, which we attribute to the level of energy in the diet.
The color of meat is another characteristic that influences the purchasing decisions of the consumer. Darker colors have a negative effect, because they are associated with product deterioration, older animals or poor meat preservation. Improvements in color are important for commercialization, especially for supermarkets and butchers, where there is higher product output and consequently, larger capital turnover (Müller, 1987) .
According to Missio et al. (2010) , the levels of concentrated fodder in the diet have a linear influence on meat color, such that an increase in concentrated fodder improves meat color. Pacheco et al. (2005) observed a similarity in meat color of young and very young bullocks, a fact that was explained by the high speed of weight gain. Missio et al. (2010) observed positive correlations (P<0.001) between cold carcass weight and shaping, carcass length, leg length, arm perimeter and the percentage of muscle in the carcass. Tables 5 and 6 show the correlations among the analyzed variables. A high correlation was observed between the weights of the forequarter, the hindquarter and the saw cuts, and the weights of the carcass (P<0.01). Those correlations suggest that good shapes are possible to achieve with heavier carcasses. A high negative correlation was observed between the fat content of the carcass and the muscularity of animals, i.e., the yield of the meat. *P < 0,05; ** P < 0,01; number of observations = 11. LAW = Live animal weight; HCW = Hot carcass weight; CCW = Cold carcass weight; SPW = Spare ribs weigth; FQW = Forequarter weigth; SRW = Spare ribs weigth; CL = Carcass length; AL = Arm length; LL = Leg length. According to Luchiari Filho (2000), the eye loin area (AOL) is also used as an indicator of carcass composition. The AOL and the edible portion of the carcass are positively associated; as the AOL increases, so does the edible portion and viceversa. The AOL is connected to the percentage of meat in the carcass, whereas the EGC is an indicator of the composition of the carcass, especially of the percentages of the edible portions and fat. Besides being an indicator of carcass composition and, especially, of meat yield, the EGC is associated with quality, as it protects the meat against the hardening associated with dehydration and cooling.
CONCLUSIONS
The inclusion of palm oil in the diet of buffalo put out to pasture in a silvopastoral system led to an increased percentage of fatty tissue in the carcass, an increased thickness of the fat covering and increased marbling. In addition, a smaller shear force was noted, indicating a softer meat product. Color was also improved, as indicated by the increase in luminosity. Those attributes are relevant for purchasing decisions made by the consumer.
